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ABSTRACT

Introduction: Visual impairment in Proliferative Sickle Cell
Retinopathy (PSCR) starts with neovascularisation. Treatment
armamentaria including diathermy, retinopexy, Autoinfarction
(Al), surgical procedures and intravitreal Anti-Vascular Endothelial
Growth Factors Injections Monotherapy (AEGFM) have been
applied. Some outcomes led to blindness but data on how effective
AEGFM is in treating PSCR is lacking in several publications.

Aim: To assess outcome and complication profile of large series
of patients who underwent AEGFM after being diagnosed with
PSCR.

Materials and Methods: This was a retrospective analytical
study conducted in October 2020 on records of 40 patients who
underwent AEGFM and other treatment on account of PSCR at
Department of Ophthalmology, 37 Military Hospital, Accra, Ghana.
The records were reviewed retrospectively for visual outcomes
and complications. Patients’ demographic data, indications of
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treatment, best corrected preoperative and postoperative visual
acuities, complications of surgery and length of follow-up were
collected and analysed using chi-square and paired t-tests.

Results: A total of 80 eyes of 40 patients (36 males and four
females) were identified. Mean age during AEGFM (72 eyes) and
vitreoretinal surgery (eight eyes) was 31.7+9.3 years (range 26-
56 years) with mean follow-up period of 6+1 years (range 5-7 years).
Atotal of 70 (87.5%), 2 (2.5%) and 8 eyes (10%) had improvement,
maintenance and worsening of final visual acuities, respectively.
A total of 8 (16%) eyes developed postoperative complications
from retinal surgeries with Proliferative Vitreoretinopathy (PVR)
being the most common. Forty (50%) eyes with old retinal Laser
Photocoagulation (LP) scars reported with fresh elevated Sea
Fans (SF) and Vitreous Haemorrhage (VH). LP is therefore a major
source of SF formation and VH in PSCR.

Conclusion: AEGFM is better treatment than other available
modalities in management of undetached PSCR.

Keywords: Laser photocoagulation, Proliferative vitreoretinopathy, Retinal neovascularisation, Sea fans, Vitreous haemorrhage

INTRODUCTION

Globally, African continent which is grappling with malaria has
recorded highest prevalence and incidence of Sickle Cell Disease
(SCD) due to which PSCR develops [1]. This is so because patients
who have traits of SCD get protection against falciparum malaria
which is a major cause of death. These traits favour survival of the
host and transmission of abnormal haemoglobin (Hb) gene to future
generations [2]. Left untreated, the natural history of SF formed
from Sickel Cell Disease (SCD) may be marked by VH, tractional
or rhegmatogenous Retinal Detachment (RD) [3], all of which can
lead to blindness. In prevention of blindness, several treatment
approaches have been applied in the past and present with poor
outcomes. Notable amongst them are diathermy, retinopexy,
Autoinfarction (Al) and surgical procedures. A paradigm shift in
management of PSCR is emerging in form AEGFM.

Treatment of SF with diathermy was relegated to the background
several decades ago because it caused a lot of uveitides and
anterior segment ischaemia [4]. LP, either xenon arc or argon,
has been used to destroy neovascular tissue for several decades
[5,6]. However, it has several limitations and complications. Retinal
haemorrhage, VH, cataract, hyphaema and corneal scars act as
limitations to successful LP. Complication profile of LP are classified
into intraocular and extraocular. Whereas the former comprises
retinal haemorrhage, VH [6], choroidal ischaemia [7], choroidovitreal
neovascularisation [6,8], choroidal rupture, choroidal haemorrhage,
rupture of Bruch’s membrane, retinal scars, enlarged retinal scars
[9], reduced macular sensitivity, optic disc atrophy and recurrence
of retinal new vessels, the latter entails reduction in visual field,
poor sight, inadequate dark adaptation, nyctalopia and sometimes
transient accommodative paraesis.
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The advantage cryopexy has over LP is that it can be used in
small pupils and opaque media to achieve same outcome as LP.
However, it is not widely used because it is limited to only anterior
retina. Its major complications are retinal tears and Tractional
Retinal Detachment (TRD) [10]. The natural process through which
neovascular complex regresses without any intervention is known
as Al [11]. It, therefore, occludes SF more elegantly than retinopexy
reflecting clinical improvement as VH and possible RD are rendered
less likely. However, had Al been reliable enough a mechanism, then
there would have been neither the need to propose any treatment
for PSCR nor its classification up to stage V characterised by RD.
Additionally, no patient would ever be blind from PSCR. According
to Serjeant, Al is more common in genotype SS [12], a group which
is least prone to PSCR rendering the whole assertion paradoxical
and scientifically negligible.

The major technical problem associated with Pars Plana Vitrectomy
(PPV) is manipulation of already ischaemic and fragile extreme
retinal periphery, where iatrogenic breaks, cataract or vitreous
skirt may occur [13]. Hyphaema, residual VH and secondary
glaucoma are complications that are difficult to manage [14]. Use
of Scleral Buckle (SB) to treat RD is challenging because there
is great chance that these patients will develop anterior segment
ischemia that may progress to phthisis bulbi ultimately [15]. What
makes surgery a more cumbersome method is, that, whereas
the patient might need transfusion of healthy red cells to replace
the sickled erythrocytes, the surgeon should avoid direct-acting
sympathomimetics and post-synaptic alpha-adrenergic receptor
agonists like phenylephrine in dilating the pupils because they
can enhance sickling through vasoconstriction [16,17]. Cold
temperature in theatre for many hours of surgery can also trigger
sickling and complicate the procedure [16,17].
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To date, a few published case series have shown favourable results
when AEGFM is utilised in management of undetached PSCR [18,19].
To the best of our knowledge, this is the first time such new treatment
is being assessed in Africans. The purpose of the study was to analyse
outcome and complication profile of patients in Sub-Sahara Africa
who underwent AEGFM after being diagnosed with PSCR.

MATERIALS AND METHODS

This is an analytical retrospective study carried out in October 2020
to review medical records of 74 patients (148 eyes) who underwent
AEGFM from September 2013 to September 2020 and other forms
of retinal treatment after being diagnosed with PSCR at Department
of Ophthalmology, 37 Military Hospital, Accra, Ghana.

These patients had a minimum follow-up of 5 years. One experienced
Consultant Vitreoretinal and Ophthalmic Surgeon performed all the
procedures. Institutional Ethical Approval was acquired for this
research and in a broader measure, tenets of Declaration of Helsinki
were applied to preserve human rights of participants. Records of
those patients who were examined and diagnosed at the retina
clinic of 37 Military Hospital in Accra, Ghana from September 2013
to September 2020 were collected.

Inclusion criteria: Patients included in the study were those who
were examined and diagnosed at the retina clinic of 37 Military
Hospital in Accra, Ghana. Inclusion criteria for AEGFM were eyes
with PSCR without TRD and dense VH. Inclusion criteria for surgery
were eyes with TRD and dense VH.

Exclusion criteria: Out of 74 patients whose medical records were
reviewed, 34 were excluded from the study because they were
either followed up for less than five years or lost to follow-up or did
not meet criteria for AEGFM. Exclusion criteria for AEGFM were
eyes with retinal tractional bands, RD, painful red eye, conjunctivitis
and blind eye.

Some of the patients had been referred from other Sub-Saharan
African countries. In addition to general demographic data, information
on baseline preoperative visual acuity, indication for procedure,
postoperative complications, latest Best Corrected Visual Acuity
(BCVA) and indication for any subsequent surgical procedures was
collected and analysed.

Procedure

The AEGFM was administered by one Consultant Vitreoretinal and
Ophthalmic Surgeon (FKO) under sterile and aseptic conditions in an
operation theatre using same procedures in all patients. About 10%
povidone iodine was used to clean skin around the eyelids with gauze.
Topical anaesthetic drops were administered, the injection site washed
with 5% povidone iodine, a lid speculum used, a 30-gauge needle
inserted through pars plana and bevacizumab (Avastin, 1.25 mg in
0.05 mL) injected into the vitreous. Other anti-VEGFs (ranibizumab and
aflibercept) were used when bevacizumab became scarce. A cotton-
tipped applicator was used to apply mild pressure for 15 seconds
at the site of injection immediately after needle withdrawal. The eye
was then patched after instillation of one drop of 5% povidone iodine
onto the ocular surface. Patches were removed two hours after
the procedure and patients, reviewed one day and one week after
injection. A treat and extend approach was used in all patients with
total number of injections in an eye ranging from 3 to 6 depending on
severity of PSCR [Table/Fig-1,2] on first examination.

LP technique used in the study consisted of sectorial treatment of SF
with argon. Retinal surgeries were performed in patients who developed
RD. It consisted of three port PPV, posterior vitreous detachment
induction, membrane segmentation, membrane delamination, fluid air
exchange, endolaser, 6 o’clock iridectomy, silicone oil injection into the
vitreous cavity and anterior retinal cryotherapy under sterile and aseptic
conditions. Snellen BCVA was converted into logarithm of minimum
angle of resolution (logMAR) units in order to get better statistical
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[Table/Fig-1]: Sea fan lesions in PSCR. [Table/Fig-2]: Sea fan lesions in PSCR.
(Images from left to right)

analysis. Patients whose visual acuities were hand movement were
assigned equivalence of 1.7 logMAR units.

STATISTICAL ANALYSIS

Paired t-test was used for normally distributed variables. All tests
were considered statistically significant, if, p-value was 0.05 or less.
Chi-square test and paired t-test with Statistical Package for Social
Sciences (SPSS) and Graphpad software were used, respectively.

RESULTS

Although all patients were sickling positive with genotype SC, only
8 (20%) knew their sickling and genotype status. A total of 80 eyes
of 40 patients (36 males and four females) were identified. Mean age
during AEGFM (72 eyes) and vitreoretinal surgery (eight eyes) was
31.7+9.8 years (range 26-56 years), with mean follow-up period of
6+1 years (range 5-7 years).

BCVA did not change in patients who had initial good BCVA,
but individuals with VH without RD and initial poor visual acuities
had remarkable improvement in their sight after AEGFM. Mean
pretreatment BCVA was 0.57+0.50 logMAR units which depended
on stage and severity of disease. The mean difference between final
post and pretreatment visual acuity was 0.50+1.0 logMAR units
which was statistically significant (p <0.005).

[Table/Fig-3] summarises visual outcomes of different modalities
of treatment offered. In all 87.5% of eyes had improvement, 2.5%
maintenance and 10% worsening of final post-treatment visual
acuities compared to pretreatment measurement.

BCVA quality Procedure Number of eyes (%)
Maintenance AEGFM 2 (2.5)
Improvement AEGFM 70 (87.5)
Worsening Retinal Surgery 8 (10)

[Table/Fig-3]: Shows BCVA after procedures.

BCVA: Best corrected visual acuity; AEGFM: Antivascular endothelial growth factors monotherapy

Based on results in [Table/Fig-4], there was statistically significant
difference in the means of pre and post-treatment visual acuities;
thus an improvement in the AEGFM visual acuity.

Paired differences

Mean Std. 95%

differ- error confidence

ence Std. mean interval of the
Difference (log- | deviation | (log- difference Sig.
of visual MAR | (logMAR | MAR (2-tailed)
acuity units) units) units) | Lower | Upper T Df | p-value
Decimal
(Pretreatment)
- Decimal -0.514 0.449 0.054 | -0.621 | -0.407 | -9.59 | 69 <0.05
(Post-
treatment)

[Table/Fig-4]: Paired samples test showing significant difference in pre and post-

treatment visual acuities using AEGFM.

The underlying vitreoretinal diseases which led to AEGFM included
peripheral SF neovascularisation without retinal or VH (n=30 eyes;
37.5%) and VH with sector LP scars (n=40 eyes; 50%). Eight eyes
(10%) were only observed without any therapeutic intervention
because their visual acuities were nil perception of light each on
account of PVR secondary to previously failed Vitreoretinal Surgery
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(VRS) performed by other surgeons due to combined tractional
and rhegmatogenous RD. The remaining 2 eyes (2.5%) from two
patients had not had any form of ophthalmic examination. They had
gone phthisical when examined for the first time.

In all 30 of 80 eyes whose initial treatments was AEGFM did
not develop any complication [Table/Fig-5]. The most common
complication was recurrent retinal new vessels formation from
previous retinal LP. All the 40 eyes whose previous treatment was
retinal LP later developed recurrent new vessels. This complication
was corrected with AEGFM. The two eyes which went through
autoinfarction (Al) became totally blind. Out of eight eyes which had
VRS, all of them had one form of complication or the other, resulting
in blindness at last follow-up visit. Development of cataract was not
ascribable to PSCR, since its ischaemia protects crystalline lens
against cataractogenesis. Cataract formation was due to VRS.

Number
of eyes Complication
Serial out of N (%) for each
no. Intervention 80 Complication procedure Management
1 AEGFM 30 None 0 (0%) Observation
p) Retinal LP 40 | RecurentRetinal | 600 AEGFM
New Vessels
3 Autoinfarction 2 Phthisis Bulbi 2 (100%) Observation
) ) Stage 4
4 \S/L'}rrezre“”a' 4 Proliferative 4(100%) Observation
gery Vitreoretinopathy
Vitreoretinal Recurrent
5 surge 2 Vitreous 2 (100%) AEGFM
gery Haemorrhage
6 Vitreoretinal 5 Cataract 2 (100%) Cataract
surgery surgery

[Table/Fig-5]: Complications of different modalities of PSCR treatment and their
management.

PSCR: Proliferative sickle cell retinopathy; AEGFM: Antivascular endothelial growth factors
monotherapy; LP: Laser photocoagulation

DISCUSSION

Anti-Vascular Endothelial Growth Factors Injections Monotherapy
is emerging as the best modality of treatment in management of
undetached PSCR although it has not gained popularity due to
little research on this novel therapy. In the present study, 30 eyes
with PSCR were originally and successfully treated with AEGFM.
Additionally, all 40 eyes which had retinal LP as original treatment
developed complications which were eventually managed with
AEGFM as shown [Table/Fig-5] above. On the average, the present
study revealed that an eye with undetached PSCR needed at least
three treatment sessions using treat and extend approach. Scarcity
of bevacizumab led to use of ranibizumab in five eyes and aflibercept
in six eyes all of which gave good outcomes. After third injection with
bevacizumab, an eye did not respond to treatment. Subsequently,
treatment was changed to aflibercept and the new vessels regressed.
Similarly, two eyes which were started on aflibercept did not respond
well to treatment. After bevacizumab was initiated in their management,
those eyes responded to treatment. It has, therefore, not been
established in the study that one anti-VEGF is superior to another.

Siqueira RC et al., published an article in which bevacizumab was
used in regression of SF together with LP [18]. This method was used
because the patient refused to undergo PPV. Another article was
published in which bevacizumab monotherapy was used in treatment
of PSCR [19]. They treated five eyes, four of which had VH. The fifth eye
had SF without VH. Two of the eyes had recurrent VH within 13 years of
follow-up. The researchers, however, were sceptical about frequency
and interval of treatment [19]. In all cases, there have not been reported
complications with use of bevacizumab except one case in which
Babalola OE observed hyphaema in their patient after treatment
[20]. Albeit some researchers used bevacizumab, Mitropoulos PG et
al., used ranibizumab to achieve same treatment efficacy [21]. Their
patients had regression of VH and SF without complications [21].
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Use of AEGFM in treatment of undetached PSCR is based on
pathogenesis of the disease. Ischaemia induced new retinal vessel
formation is regulated by Vascular Endothelial Growth Factor (VEGF)
and their Receptors (VEGFRs) which include Placental Growth Factor
(PIGF), angiopoietin and Tie receptors, Platelet-Derived Growth
Factor-B (PDGF-B), Stromal-Derived Factor-1 (SDF-1), Hypoxia
Inducible Factor-1 (HIF-1) and signals from extracellular matrix [22].
Increased VEGF transcription and upregulation of angiogenesis re-
establishes oxygen and nutrition supply to tissues affected by hypoxia
[23]. VEGF also contributes to inflammatory process by inducing
expression of Vascular Cell Adhesion Molecule-1 (VCAM-1) to
enhance leukocyte recruitment and endothelial cell adhesion leading
to blood retinal barrier breakdown and new vessel formation [24]. Anti-
VEGF is therefore, used to inhibit the release and functions of VEGF.

Ocular complications associated with anti-VEGF use may include
ablation of choriocapillaris and vision loss [25], worsening of
Geographic Atrophy (GA) [26] and accelerated photoreceptor
apoptosis [27]. Anti-VEGF may have systemic complications which
may result from minute escape of the substance from vitreous to
systemic circulation. These may include vascular hyperpermeability,
arterial hypertension, thromboembolic events, left ventricular dilatation
and contractile dysfunction as well as heart failure [28-30]. All these
complications are found in non Africans. None of the patients in
the present study developed any of these ocular or systemic
complications. Melanin, therefore, may have a protective role against
side effects from anti-VEGF.

A Cochrane review showed poor results when 341 eyes with PSCR
were managed with LP [31]. According to Rednam KR et al., 29
participants who received LP developed fresh SF after nine years
of follow-up [32]. A study from Brazil showed initial regression
of SF with LP, a success which was marred by development of
new SF after several months of follow-up [33,34]. Interestingly,
some authors of studies which had initial success with LP did not
report on complications of same, a bias which should be analysed.
Additionally, a study published by Jampol LM and Goldberg MF,
established that even after a successful LP, retinal tears and
rhegmatogenous RD may occur [35].

A research which associated age and genotype conducted in
Jamaica revealed that the mean age of patients who had Al was
39.2 in genotype SS and 35.2 years genotype SC [36]. Whereas Al
occurs less frequently in patients who are younger than 40 years, it is
more common in patients who are older than age 40 years especially
if they have genotype SS [37]. Al occurs on the average two years
after appearance of SF in as many as 60% of patients [11,36]. A
research published by Condon Pl and Serjeant GR, revealed 12% of
Al cases went blind [36]. Another study conducted by Moriarty BJ et
al., revealed 10% of untreated eyes lost visual acuity over ten years
[38]. In the present study, two eyes went phthisical from Al because
the patients in question did not have access to a retinal specialist.
If it were reliable, no literature would have extended pathogenesis
of PSCR beyond stage 3. It can, therefore, categorically be stated
from evidences gathered above that Al is not reliable and that
interventional treatment is important in management of PSCR.

Pars Plana Vitrectomy may be required when SF lead to very
dense VH and or RD [39]. According to Chen RW et al., surgical
complications from PSCR can happen in 50% of patients [40].
Another study conducted by McKinney CM et al., revealed that
complications of PSCR may regress and reappear even after
successful PPV [41]. In the present study, all eight eyes which had PPV
ended up with nil perception of light as visual acuity at last follow-up.

Limitation(s)

The retrospective nature, single-centre focus, variable follow-up
lengths, and the fact that only one Consultant Vitreoretinal and
Ophthalmic Surgeon performed all the procedures limited the studly.
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CONCLUS|ON(S) [18] Siqueira, RC, Costa, RA, Scott, IU, Cintra, LP, Jorge, R. Intravitreal bevacizumab
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wellto AEGFM which is a novel treatment and at the same time leaves Medicine 2014:682583. , o
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